SUMMARY By using an isolated constant current stimulator producing true square-wave pulses, sensory strength-duration curves were obtained at various sites by percutaneous electrical stimulation. Strength-duration curves derived from normal groups were compared to those of patients with peripheral neuropathy. Stimulus (0-05, 006, 0-08, 0-10, 0-20, 0*50, 1-0, 2-0, 5-0, 10-0, 20*0, 50 0 ms). For each of the 12 pulse durations detection thresholds were obtained by a method of descending limits, continuously decreasing from a level at which the subject had a minimal sensation. Electrical stimuli were given at a rate of 0-5/s and were displayed on an oscilloscope screen in front of the subject. Usually three independent measurements were performed on each subject for each pulse duration tested, the series starting with 50 ms stimuli. 
The fact that both muscle and peripheral nerve characteristically respond to electrical stimulation allows a number of electrodiagnostic procedures. The relationship between the strength of a stimulus and its duration for producing minimal excitation is expressed by the strenth-duration (S-D) curve. ' The standard type of S-D curve utilising visible muscle contraction has been applied to traumatic peripheral nerve injuries and lower motor neuron lesions. [2] [3] [4] [5] [6] While electromyography provides extensive information as to the state of innervation of skeletal muscles, sensory conduction velocity often does not mirror the clinical state of the patient. For several reasons the quantitative examination of cutaneous sensation encounters serious problems.' Both afferent and efferent fibres have been studied by various electrodiagnostic techniques: nerve excitability has been determined by the strength of the true square-wave stimuli required to elicit a barely visible nerve action potential at a recording site proximal to the stimulus.8-" Stimulus strength at sensory threshold has been shown to be more reproducible than the one just evoking a sensory action potential. ' In a first series of experiments normal S-D curves were obtained at various stimulation sites. In one group of 12 healthy subjects sensory thresholds were measured bilaterally in the cutaneous field of the superficial peroneal nerve. The electrodes were placed on the proximal dorsum of the foot following the tendon of extensor hallucis longus. Average thresholds across trials and different subjects are presented separately for the two sides of the body in fig 1A. A rapid decrease of the threshold current with increasing stimulus duration up to 0-5 to 1-0 ms was observed while there was little change of threshold current with longer stimuli. The minimal current required to produce cutaneous sensation also with very long current (rheobase) was achieved by pulse durations of approximately 10 ms. Sensory thresholds were found to be lower for the left compared to the right side of right-handed people in both upper and lower extremities. Although the difference in absolute values may be disregarded, this asymmetry was a consistent finding in our normal subjects.
Reproducibility of S-D curves for the same stimulation site is shown in fig 1B for fig 1B) . According to the Bunsen-Roscoe law or Bloch's law stimulus energy at threshold levels remains constant for stimulus durations less than the "critical duration" specific for a sensory modality. For vision, reciprocity between luminance and time at threshold has been found to be limited to durations of about 10 ms in the paramacular region'5 while the critical duration was found to be considerably longer for other sensory modalities. In agreement with Rollman's findings our data suggest a very small critical duration of less than 0-10 ms for cutaneous electrical stimulation. The absence of a total temporal summation in our graphs was probably due to the fact that minimum pulse duration was limited to 0-05 ms. Different degrees of partial temporal summation were found for successive periods, the first extending to about 0.10 ms, and a second to about 1 -0 ms. There was no temporal summation for pulse durations beyond 10 ms and the function had a slope of 1-0.
To allow comparison between different stimula- fig 4B) but affected in proportion to the incidence of axonal lesion (for example, patients of fig 3) .
Discontinuities in the classical S-D curve result from the difference in excitability threshold between muscle and nerve tissue. Therefore, sensory S-D curves representing properties of afferent nerve fibres are expected to be smooth also in case of partial denervation. Pathological conditions are characterised by an over-all increase in threshold excitability providing both a shift of the curve and changes in temporal integration properties. There are various possible explanations for this behaviour; it may be due to a threshold increase of the A fibres, or stronger stimuli may be required to recruit an increasing number of A fibres for minimal sensation. Another possibility is that stronger pulses may provide excitation of other types of afferent fibres in addition to A fibres. This is suggested by the changes in temporal summation properties. However, our results cannot give additional information about the elements of sensory S-D curves.
Assessment of sensory impairment is part of the clinical evaluation of peripheral neuropathies. For several reasons quantification of cutaneous sensation by clinical examination is inaccurate and calls for methods of measurement using "adequate" stimuli.7 [24] [25] [26] Both sensory S-D curves and quantitative sensory tests are complementary to the clinical evaluation of peripheral nerve disorders. The fact that the sensory threshold is mostly affected with axonal lesions suggests a valuable complement to conventional electrodiagnostic techniques.
The simplicity of the method (no complex recording and averaging equipment) represents a further advantage in comparison with electroneurographic procedures. However, the isolated constant-current stimulator has to be capable of producing true square-wave stimuli over a wide range of pulse durations. Moreover, the subject tested must be attentive and cooperative during the behavioural assessment of peripheral nerve function. The examination can be reduced to a few representative pulse-durations. The amount of current of infinite duration required to produce minimal sensation (rheobase) represents a valuable measure and approximates stimulus durations of 10 to 50 ms. The chronaxy, that is the duration of a threshold stimulus of twice the rheobase, proved to be less informative, expecially because it
